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SuMMAm

Flighttestshavebeenconductedwitha medium-sizesingle-rotor
helicopter,ofwhichonebladewasequippedwithstraingages,to deter.
minetherelativeeffectsofatmosphericturbulenceandmoderatemaneuvers
ontheperiodicrotorblademoments.

Theresultsindicateno significsmtincreaseinthetotalblade
momentsdueto atmosphericturbulenceormoderatepull-upmaneuverswhich
producedcenter-of-gravityaccelerationincrementsoflessthanabout
0.15g(whereg is-theaccelerationdueto gravity).Becauseabout
99percentofthetotalf~ng timeisspentataccelerationincrements
below0.15g,theprincipalpartoftheflyingtimeisthusfoundtobe
unaffectedby atmosphericturbulenceormoderatemaneuvers.Therefore,
thetimespentinthevariousflightconditions,asdeterminedby the
NACAhelicopterVGHNrecorder,~ be usedat leastforthatpartofthe
cumulativefatigueanalysisinvolvingthelargestrumiberof cyclesin
distinctiontothelargeststresses.Atmosphericturbulenceand’moderate
maneuverswhichresultedincenter-of-gravityaccelerationincrements
above0.15gproducedsomeincreasedmomentswhichareofinterest,partic-
ularlyinthehigherharmonics.

Themomentsexperienced

INTRODUCTION

by a helicopterrotorblademaybe divided
intotwocategories-withregardto cumulativefatigue.Thesecategories
are(1)high~omentsrepeat;doftenenoughto contributeto fatigu;and
(2)low-tomoderate-levelperiodfcmomentsappliedcontinuouslyinroutine
flying(evenincalmair). Thehighmcnnentsrepeatedoftenenoughto
contributeto fatiguecouldattimesbe veryimportant,buttheirtreat-
mentisnottheprtirypurposeofthisreport.Thelow-tomoderate-level
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periodicmomentsappliedduringa largenugberofcyclesareuniversally
a matterofconcernandarethesubjectofthepresentpaper.

NACAhelicopterVGHNrecordersurveys.provideinformationonair-
speed,center-of-gravityacceleration,altitude,rotorrotationalspeed,
andthepercentageoftotalflyingtiinespentineachconditionduring
actualoperations.Reference1 illustratessucha surveyinwhichit
isshownthatlessthan1 percentofthetotalflyingtimeis spentat
accelerationincrementsof0.15gorgreater.TheNACAhelicopterVGHN
recorderdoesnotdirectlymeasurebladem6mentsbutratherspecifies
theflightconditions.Therefore,thesetime-spentsurveysmustbe used
inconjunctionwithmomentmeasurementsobtainedduringprototypetests
forspecificflightconditions.Thesesourcesofinformationcanbe
usedtogetherto determinethecontributionsto fatigueofalmostall
themomentcyclesoccurring,providedthatordinarygustsandcontrol
motionsdonotproduceadditionalperiodicblademomentssignificantto
fatiguecalculations.

Experimentaltestsofa full-scalerotoringustyairata very
lowforwardvelocity(ref.2)revealedthattheeffectsofgustson
rotorbladebendingmomentsappeartobe secondary*en comparedwith
downwasheffects.Reference3 presentsa preliminaryinvestigationof 4
theeffectsof sharp-edgegustsontheflap@sevibratorybendingmoments
of smallmodelrotorbladeshavingeitherfixed-at-rootorteetering

—

blades.Referencek indicatesthatthereisan increasedueto gusts #
inthenormalaccelerationofa helicopterastheforwardspeedis
increased.Sinceinformationwaslacklngontheblademomentsencoun-
teredby a rotorunderactualflightconditions,theprimarypurpose
ofthepresentinvestigationwasto determinewhetheratmospherictur-
bulenceor controlmotionsdo causeincreasedperiodicblademcnuents.
Morespecifically,thepurposeoftheinvestigationdiscussedherein
wasto determinetheeffectsofatmosphericturbulenceandcontrol
motions,whichproducedcenter-of-gravityaccelerationincrementsof
lessthanabout0.15g,ontherotorblademoments.

In orderto obtaintheinformationrequired,a bladeofa single-
rotorhelicopterwasequippedwithstraingageswhichmeasuredflapwise
andchordwisebendingandtorsionalmoments.Indeterminingtheeffects
ofatmosphericturbulence,severalflightsweremadein bothsmoothand
roughair. Thetestsweremadeinlevelflightatvariousforwardspeeds.
Theeffectsofcontrolmotionsweredeterminedbyperformingmoderate
cyclic,collective,andcombinedcyclic-collectivepull-upmaneuvers.
Theresultsofthisinvestigationshouldhelpto establishprocedures
whichwillaidinthedesignoffut~e rotorblades,hubs,andcontrol
systems.Itisalsoexpectedthattheseresultswillprovetobe indic-
ativeoftheresultsthatmightbe obtainedwithmostpresent-day
helico~ters.
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slopeofcurveof sectionliftcoefficientagainstsection
angleofattack(assumedequalto 5.73),perradian

numberofbladesperrotor

bladechord,ft

massmomentofinertiaofbladeaboutflappinghinge,slag-ft2

bladeradiusmeasuredfromcenterofrotation,ft

trueairspeed,knots

indicatedatrspeed,v{~, hots

massconstantofrotorblade,cPaR4/11

massdensityofair,slugs/cuf%

standardmassdensityofair,0.0023~slug/cuft

rotorsolidity,bc/fiR

accelerationincrement,g units

TESTEQUIPMENTAND

Thesingle-rotorhelicopterused

INSTRUMENTATION

inthepresentinvestigationis
showninfig&?e1,anditsp;incipaldimensiofisandapproxi&ephysical
characteristicsarelistedIntableI. Thehelicopterhasconventional
pilotcontrols:stick,pedals,andco31ective-pitchlever.Eachrotor
bladehasoffsetflappinganddraghinges.

InadditiontotheNACAhelicopterVGENrecorder,thehelicopter
iseqyippedwithotherstandardNACArecordinginstrumentswithsynchro.
nizedtimescaleswhichmeasureairspeed,altitude,manifoldpressure,
rotorrotationalspeed,pilot-controlpositions,~gul.arvelocitiesabout
thethreeprincipalinertiaaxes,andaccelerationatthecenterof grav-
ityofthehelicopter.
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Resistance-wirestraingagesaremountedonthesparofoneblade
to formcompletebridgesat 14percentand40percentofthebladeradius.

u

Thestraingagesatthe40-percent-radiusstationmeasureonlyflapwise
bendingmoments,whereasthestraingagesat the14-percent-radiussta-
tionmeasureflapwiseandchordwisebendingandtorsionalmoments.The

b_

strain-gageinstallationsontherotorbladeareshowninfigure2. Two
spanwisestationswereconsideredadequateforthisinvestigationbecause
onlycomparativeflightresultsweredesired.Thesignalsfromtheblade
straingagesarebroughtdownfromtherotatingmembersoftherotorby
theuseofa slipringassembly.Thestrain-gageinformationisrecorded
by an 18-channelConsolidatedoscillograph.Thenaturalfrequencyofthe
galvanmeterelementsoftheoscillographisapproximately53 cyclesper
second,andit,is0.7criticallydamped.Thisfrequencyanddamping
resultedina responsecurvethatisflattowithin*5percentupto
about30 cyclespersecond.

Thebladeloadingsutilizedforthecalibrationofthestrain-gage
bridgeswerechordwise,vertical,actual,andtorsionalloadings,and
severalcombinationsofthelastthree.By usingtheresultsofthe
variousloadingconditionsandthemethodofleastsquares,thestrain-
gagebridgeswerecambinedelectricallyto givea galvanometersdeflection
whichbestrepresentedtheknownmamentconditions.Thesensitivityfor
bothgagestationswastherebyobtainedintermsofmomentsperinchof
galvanometersdeflection.

TESTPROCEDURE,DATAREDUCTION,ANDLIMITSOFACCURACY

TestProcedure

Atmosphericturbulence.-Throughouttheatmospheric-turbulenceinves-
tigationthetestswereconductedina mannerwhichwouldfieldcomparable
data. In ordertoaccomplishthisend,thesmooth-airandrough-air
flightsweremadeunderconditionsthatwereasnearlyalikeaspossible,
withtheexceptionoftheairturbulence.

Thesmooth-andrough-airtestsweremadeintrimlevelflightata
constantrotorrotationalspeedwithairspeedsrangingfrom30to85knots
indicatedairspeed.Cycleswere chosenfromeachtesttobe analyzed
harmonicallyfordeterminationofthebendingandtorsionalmomentsinthe
rotorblade.

Maneuvers.-In orderto determinetheeffectsofmaneuvers,several
typesofmoderatepull-upswereperformed.Cyclic,collective,andc-
binedcyclic-collectivephasedpull-upsweremadeat60,70,and80lmo~s
indicatedairspeed.Cyclesforthecyclicpull-upswerechosento give
informationonthebendingmomentsatthe.timesmarkedby arrowsonthe
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d timehistoryshowninfigure3(a).Forthecollectivepull-upsthe
cycleswerechosenatthetimesshowninfi~e 3(b).Inthecombined
pull-upsthecyclicstickwasmovedfirst,andthecollectivecontrol

.
movementfollowedinabout1~ seconds.The

combinedpull-upsareshown;nfigure3(c).
coversonerevolutionoftherotorblade.

DataReduction

analysisintervalsforthe

Eachanalysisinterval

Inorderto determinethemanentsencounteredby therotorblade
duringthevariousf~ght conditions,twomethodsofdatareductionwere
used. Thetwomethodswere(1)read-upofthepeak-to-peaksm@itudeof
themomenttracesand(2)a 24-pointharmonicanalysisofthesametraces.

Inthefirstmethod,thevibratorybendingmomentswerecalculated
by usingone-halfthepeak-to-peakamplitude.Thesteady-statemoments
weredeterminedbymeasuringthedistancefromthezeromomentlineto
themidpointofthetracepeak-to-peakamp~tude.Thismethodof deter-
miningthesteady-statemomentsdoesnottakeintoconsiderationthe

w harmoniccontentofthetraces,buttheresultsccmparefavorablywith
thesteady-statemomentsobtainedfromtheharmonicanalyses.b order
to determinetheharmoniccontentofthe.momenttraces,thesecondmethod

i ofreducingthedatawasemployed.

LimitsofAccuracy

b determiningtheWt ofaccuracy,itwasfoundthatthelargest
errorsaredeterminedby theaccuracywithwhichtheoscil.lographstrain-
gagerecordscsnbe read.Forthisinvestigationtheapproximatereadtng
erroris*0.01inch.Basedonreadingerroralone,thefollowinglimits
ofaccuracywereobtained:

FlapwisebendingmomentatkO-percent-radiusstation,in-lb. . . . *95
Flapwisebendingmomentat lk-percent-radiusstation,in-lb. . . .*135
Chordwisebendiumcmentat 14-~ercent-radiusstation,in-lb . . .*225
Torsionalmoment

Inorderto

‘at11-percent-;adiusstation,in-lb‘. . . . . . . ~

RESUEE3ANDDISCUSSION

showtheeffectofatmosphericturbulenceandmoderate
maneuversonrotor-blademoments,records-arepresentedandanalyzedfor
variousflightconditions.Theincreasedmomentsdueto atmospherictur-

b bulenceandmoderatemaneuversarecomparedwiththemmentsencountered



6 NACATN4203

insteadj-flight+,.conditions.TINSresultsgfthehsxmonicanalysesare.. .x_
analyzedinordekto determineany

Moment

Typicaltimehistoriesofthe
arepresentedinfigures4 and5.

possibleresonantconditions.

Records

bladebending
Thesef@res

.

andtorsionalmoments
showthechor,dwise

bendinamomentsandtorsionalmomentsmeasuredonthebladeatthe
lh-per;ent-radim.etationandthefl-aptisependingmomentsmeasuredat
boththe14-andthe40-percent-radiusstations.(Thesemomentsare
hereinafterreferredtoas14-percentchordwisebendingmoments,

—

40-percentflaptisebendingmmnents,andsoforth.)Thesmooth-and
rough-aircomparisonrecordsshowninfigure4 representthemoments
obtainedduringflightinsmoothairandduringflightinroughairin-
whichtheaccelerationincrementislessthanO.lgandbetweenO.lgand
o.2g.Themcderatepull-uprecordsshowninfigure5 representthe
momentsobtainedduringtheintervalsshowninfigure3 forthethree
typesofmaneuvers.

Examinationoffigureb(a)showsthegeneralcharacterofthemoment
recordsobtainedinforward.flightatan indicatedairspeedof50knots *
andwithgust-producedaccelerationincrementsof0,0.03g,andO.lg.
Mostofthetracesshowa definitel-per-revolutionvariationincombi-
nationwithsuperposedhigherharmonics.Slightchangesintheharmonic b
contentofthetracescanbe notedastheaccelerationincreases.

FigureA(b)showstheseinetypeofrecordobtainedatan indicated
airspeedof85hots andwithgust-producedaccelerationincrementsof
0, O.O~g,and0.2g.Thetrendspreviouslynotedarealsoinevidence
inthisfigure.Theincreasedanplitudeofthesmooth-airtrace,as com-
paredwiththeamplitudeofthesmooth-airtraceat5J0knots,isa result
oftheincreasedforwardspeed.

Figure5 showsthemomentrecordsobtainedduringa cyclic,a col-
lective,anda combinedcyclic-collectivepull-upmaneuver.It canbe
seenthatthegeneralshapeofeachofthefourtracesiSsimilarduring
allthreemaneuvers.Duringeachofthemaneuvers,eachtracenoticeably
changesharmoniccontentandamplitudeonlyatthemaximum-acceleration
point.As inthecaseofthesmooth-andrough-airtraces,thepredomi-
nantvariationisl-per-revolutionwithhigherharmonicssuperposedin
varyingamounts. __—- —

*

w
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* MaximumVibratoryMoments

Themaximumvibratoryandmeanblademomentsareshowninfigures6
and7. Figure6 showstheresultsforthesmooth-andrough-aircompari-
son,andfigure7 showstheresultsforthepull-upmaneuvers.

Relationshipbetweenmeasuredmomentsandbladelife.-Forthe
resultspresentedherein,themaximumvibratorysteady-flightmoments
areusedasa baselineforevaluatingpercentageincreasesinmoments
(whichareshowntobe a Mximumofabout&Clpercent)duetogustsand
controlmotions.Indeterminingthesi~ificanceofthesepercentage
increases,itshouldbeborneinmindthatmaximumvibratorymoments
aboutfourtimesas largeasthesteady-statevalueshereinhavebeen
determinedintheanalysisofsomeunpublisheddataonthesamehelicop-
terduringothertransientconditions.Thus,theincreasesdueto gusts
ad controlmotionscannotdeterminewhetherornotthesebladeshave
infinitelife;instead,theirpossibleimportancemustbe ~udgedfroma
cumulative-fatiguestandpointincasesfor%tnichinfinitelifeisnot
initiallyavailable.

Smooth-andrough-airccmparison.- Figure6 presentsthemaximum
* vibratoryandmeanmomentsplottedagainsttheindicatedairspeedfor

bothsmoothandroughair. An examinationofthevibratorymomentsshows
thatthereisno significantincreaseinthemomentsdueto roughairat

k indicatedairspeedsupto about50knots.At 70knotsthereareno large
increasesintherough-airmomentsexceptforthelk-percentflapwise
bendingmoments.Therough-airmomentsat85 knotsshowincreasesover
thesmooth-airmcxnentsrangingfromapproximately10percentto &Clper-
cent.Theaccelerationincrementat thisspeedwas0.2g.An inspection
ofthemeanmomentsinfigure6 showsthatthesteady-statevaluestend
to remainfairlyconstantthroughoutthespeedrange.Theincreasesin
thesemomentsduetoroughairat85 knotsrangefrcmapproximately
20percentto 45percentinthiscase.In.allcases,theincreased
momentsduetogustswereaccompaniedby center-of-gravity,accelerations.

Moderatemaneuvers.-Figure7 isa time-historypresentationof
stickposition,acceleration,andmaximunvibratoryandmeanmoments
obtainedduringthethreetypesofmaneuvers.Figure7(a)showsa cyclic
pull-upatabout70knots;figure7(b)showsa collectivepull-upat
about80knots;figure7(c)showsa combinedcyclic-collectivepull-up
atabout70knots.Inall.threemaneuvers,zerotimeistakenasthe
pointatwhichthepull-upisinitiated.Themaximumaccelerationincre-
mentsreachedinthesepull-upsrangefrcm0.2gtoO.hg.

An examinationofthethreemaneuversshowsthatthelk-percentflap-
wisebendingandlb-percenttorsionalmomentsseemtobe themostaffected
by thepull-ups.Theaverageincreaseforthetotalfbpwisebending
mcnuentsatthelk-percentstationduringthepull-upswasfoundtobe
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about30percent;thetotal.torsionalmomentsatthesamestationaver-
agedan increaseofabout50percent.The&O-percentflapwiseand
1~-percentchordwisetotal-be~dingmomentsbotfihadan
of only10percentduringthethreepull-ups.

HarmonicAnalysisofMomentRecords

Inorderto determinetheharmoniccontentofthe

avirageincrease

momentrecords,

.

itwasdecidedto analyzepartsoftheserecordsharmonically.As an-
aidininterpretingtheharmonicanalysesofthemomentrecords,itwas
necessaryto obtaina resonancediagramofthevariationofthenatural
bladebendingfrequencywithrotorspeedto determinewhetherresonance
amplificationwasresponsibleforsomeoftheincreasedmoments.This
diagram(fig.8)wasdeterminedbyusingtheprocedureofreference5
andthemeasurednonrotating-bladefrequencies.An inspectionofthe
figurerevealspossibleresonantamplificationofthesecondandthird
bendingmodesinthenormaloperatingrange.Theexperimentallydeter-
minednonrotatingshapesofthefirstthreemodesarealsoshowninthe
upperleft-handcornerofthefigure.Itcanbe seenfromthisinsert
thatthetworadialstationschosenforthisInvestigationtillrespond
verywelltoallthreeofthesemodeshapes. d

Theresultsoftheharmonicanalysesareshowninfigures9 to 12
inwhichareplottedthesteady-stateandthefirst10harmonicmoments.
Althoughthemagnitudesofsomeofthehi&er harmonicsarebelowthe

a

limitsofaccuracy,theyhaveneverthelessbeenincluded.Inallplots,
a positivesteady-statevalueindicates(1)forflapwi.sebendingmoment,
compressionintheuppersurfaceoftheblade,(2)forchordwisebending
moment,compressioninthetrailingedgeoftheblade,and(3)fortor-
sionalmoment,coupletendingtorotatethebladenoseupward.The
steady-statevaluesofthechordwisebendingandtorsionalmomentswere
foundtobe negativeinallcasesas isshownbyminussignsoverthe
bargraphs.

Smooth-andrough-aircomparisons.-Theresultsoftheeffectsof
atmosphericturbulenceontherotor-blademomentsareshowninfigure9.
Thebargraphspresenttheeffectsofroughairas comparedwiththe
effectsofsmoothair. InordertohelpIllustratetheresults,the
rough-airconditionIsdividedintotwocategories:(1)turbulencethat
causedanaccelerationincrementoflessthanO.lgand(2)turbulence
thatcausedanaccelerationincrementbetweenO.lgand0.2g.Forthe
threespeedspresented,theturbulencewhichfallsinthesecondcategory
resultedinaccelerationincrementsofO.lgforthe50-knottest,0.15g
forthe70-knottest,and0.2gforthe85.knottest.

h inspectionoffigure9,andalsooffigure6,revealsthatgust-
producedaccelerationincrementsoflessthanO.lgproducelittleorno
additionalperiodicblademomentsthatwouldbe significantto fatigue

$.
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calculations.Thesesamefigwesshowthatgust-producedacceleration
incrementsofO.lgand0.19gobtainedinthe50-knotand70-knottests,
respectively,alsoproducelittleincreaseintheperiodicblademoments
exceptforthehigherharmonicsatthe14-percentflapwisebendingsta-
tion. Thegust-producedaccelerationincrementof0.2g,obtainedinthe
85-knottest,wasfoundtoproduceappreciablyincreasedperiodicmoments.
Thisincreasedresponseto gustsatthehigherspeedsmaypossiblycause
criticaleffectsinfuturehigh-speedhelicopters.Ingeneral,a trend
towardincreasedhigherharmonicsdueto increasedaccelerationincre-
mentsisinevidence.Theincreasedhigherharmonicmomentsmaybe of
someinterestinotherconnectionssuchas excessivevibrationandits
resultantpassengerdiscanfort.

Inorderto determinewhethertheseincreasedmomentscouldhavean
effectonthefatiguelifeforcurrenthelicoptersofthesamegeneral
type,a checkofthethe spentinthisaccelerationconditionwasmade.
A checkofsomeunpublisheddataforairmailoperationsrevealedthat
thecommercialversionofthehelicopterusedinthisinvestigation
encounteredturbulencewhichcausedaccelerationincrementsthatranged
frombarelyperceptibleto O.lgonlyabout6 percentofthetotaltime
andencounteredturbulencethatcausedan accelerationincrementbetween

? 0.1and0.2gduringlessthan1 percentofthetotalflyingtime. Turbu-
lencethatcausedan accelerationincrementbetween0.1and0.2gwas
encounteredduringthepresentinvestigationforabout6 percentofthe

. totalflyingthe. A checkofreference6 revealedthatthetotaltime
spentat orabovea positiveaccelerationincrementof0.15gwasonly
0.4percentofthetotaloperatingtimefortheairmailoperations
reportedtherein.Reference1 showedthatanaverageofabout3.5flights
wasrequiredtoproducean accelerationincrementthatisgreaterthan
thatreportedherein,thatis,0.2g. Sincethemomentsimposedby gust-
producedaccelerationincrementsof0.15gandbelowareverys~ght,they
canbe consideredoflittleconsequencein calculatingthecontribution
to fatiguelifeoftheprincipalpartoftheflyingtime. Theincreased
momentsresultingfromgust-producedaccelerationincrementsofover0.15g
arenottobe considereddirectlyin connectionwiththeprimarypurpose
ofthisreportandhavebeenpresentedtohelpbrackettheresultsandto
providesomepreliminaryideasregardingatmosphericturbulencethatis
moreseverethanthatencounteredduringtheprincipalpartoftheflying
thle.

Moderatemaneuvers.-Theeffectsofmoderatepti-upmaneuversare
showninfigures10to 12. Theresultsarepresentedforcyclic,col-
lective,andcombinedcyclic-collectivepull-upmaneuvers.Themaximum
accelerationincrementsreachedinthesepull-upsrangefrom0.2gto 0.4g.

.

.

An inspectionoffigures10to 12,andalsooffigure7,revealsthat
someincreasedmomentsintherotorbladescanbe expectedatthemaximum-
accelerationpoint.Again,thetendencytowardincreasedhigherharmonics
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canbe notedatthehigheraccelerationlevels.Particularlynoticeable v
istheincreaseinflaptisebendingmomentsforharmonicssuchasthe
fifthandtheeighth.Theincreasedmomentsfortheseharmonicsare
probablycausedby thenearresonantconditionastherotationalspeed .
increasesduringthemaneuver.Someofthelargeincreasesinthetor-
sionalmomentsatthehigherspeedsandhigheraccelerationincrements
arebelievedtobe causedinpartby rotor-bladestall.Sincethese
increasedmomentsareallproducedby accelerationincrementsthatare
greaterthan0.15g,theresultsatthemaxhnumaccelerationpointfor
thesemaneuversdonotdirectlyindicatetheresultsfortheprincipal
partoftheflyingtime.

Thecontroldisplacementsusedwereintentionallymadelargerand
morerapidthanthosewhichwouldoccurduringtheprincipalpartofthe
flyingtimeandwereheldmuchlongerthanthevastmajorityofdisplace-
mentsmadeinnormaloperations.Accelerationincrementstwoorthree
timesashighasthevalueof0.15greferredtowerethusobtained.The
momentsfortheseexaggeratedconditionsshowonlymoderateincreases
(intermsofthemarginbetweenthesteady-flight-conditionmomentsand
themaximumtransientmomentsthebladescouldstand).Sincethese
moderateincreasesshowupas increasedhigherharmonicmcments,they
maybe ofinterestasfarasvibrationandcomfortlevelareconcerned u
andasan indicationofwhatto expectwithstillmoreseverecondi-
tions.Experience,aswellas logic,hasshownthatsmallerdisplace-
mentsandloweraccelerationIncrementswouldproduceevensmallermoment w
changes;thevaluesused,therefore,servetobracketthepossiblevalues
for0.15gincrementmaneuversandhencefor99percentoftheflyingtime.

Theportionsofthemaneuversmostindicativeoftheresults,obtained
duringtheprincipalpartoftheflyingtime,wouldbe duringtheinitial
controlmovementforthecollectiveandcambinedpull-upsandatthe
accelerationflatspotforthecyclicpull-ups.An inspectionofthese
portionsinfi~es 10to 12revealsthatthereislittleorno increase
inthemomentsencountered.Therefore,theperiodicmomentsduetomod-
eratecontrolmotionsencounteredduringnormaloperationswillnotbe
significantforcalculatingfati~ lifeduringthebulkoftheflying
time.

ApplicabilityofNACAHelicopterVOHNRecorderSurveys

—

Theresultsofthepresentinvestigationshowthatbothgustsand
controlmotions,fortherangeofseveritiesofmostconcern(thatis,
Aan< 0.15g),hadlittleeffectontherotor-bladeperiodicmoments.
Sincethisrage of severitiesincludesmorethan99percentofthe
flyingtime,theNACAhelicopterVGHNrecorderindicationsofflight
conditionsincombinationwithprototypestraindata,forthese

.

.
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classifiableconditions,canbe usedto determinethecumulativefatigue
effects.Theremainingfractionof1 percentoftheflyingthe involves
intermediateto severetransientconditions.Someoftheintermediate
transientconditionsareusedinthisstudytohelpbrackettheresults
thatcanbe expectedduringtheprincipalpartoftheflyingtime. The
severetransientconditionsarenotcoveredinthepresentstudy.How-
ever,it isbelievedfrm preliminarystudyoftheproblemthatfurther
investigationmayshowthatitisalsopossibletotreattheseinter-
mediateandsevereconditionsbytheuseofNACAhelicopterV~ recorder
surveysin combinationwithprototypestrainmeasurements.

CONCLUSIONS

An investigationoftheeffectsofatmosphericturbulenceandmod-
eratemaneuversontheperiodicrotorblademomentsofa medium-size,
f’dlyarticulated,single-rotorhelicopterinthespeedrangeof30
to 90knotsindicatesthefollowingconclusions:

1.Atmosphericturbulencewhichcauseda center-of-gravityaccelera-
tionincrementoflessthan0.15g(whereg istheaccelerationdueto
gravity)hadlittleeffectontherotorblademoments.Turbulencewhich
causeda center-of-gravityaccelerationincrementbetween0.15gand0.2g
producedsomeincreaseInindividualharmonicsofthemoments,especially
forthehigherharmonics.Theseincreasedmoments,which~e -l in
relationtothemarginbetweenthesmooth-airmomentsandthemaximum
momentsencountered,sreappliedfora smallpercentageofthetotal
flyingtimeand,therefore,areconsideredoflittleconsequenceIn
regardtothatpartofthecumulativefatigueanalysisthatcoversthe
principalpartofthefl@ngtime.

2.Moderatemaneuvers,whichproducedcenter-of-gravityacceleration
incrementsoflessthan0.15g,alsohadlittleeffectontherotorblade
moments.Maneuverswhichproducedcenter-of-gravityaccelerationincre-
mentsofmorethan0.15gwerefoundtoproduceincreasedmomentsforsome
oftheindividualharmonicswithmoreemphasisbeingplacedonthehigher
harmonics.As inthecasewithatmosphericturbulence,theseincreased
moments,appliedfora smallpercentageofthetotalflyingtime,are
smallinrelationtothemarginbetweenthesmooth-airmmnentsandthe
maximummomentsencounteredandareoflittleconsequenceinregardto
cumulative-fatigue.-dam.agecalculationscoveringtheprincipalpartof
theflyingtime.

3.Sinceatmosphericturbulenceandmoderatemaneuversdonotfiduly
affectrotorblademciie”ntsexceptwhenaccompaniedby center-of-gravity
accelerationsduringtheprincipalpartoftheflyingtime,thetimespent
invariousflightconditions,as determinedby anNACAhelicopter
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VGHWrecorder,canbe safelyusedfora largepartofthefatigue-life
determination.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,November~, 1%7.
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TABLEI

PRINCIPALDIMENSIONSANDAPPROXIMATEPHYSICAL

CHARACTERISTICSOFTESTHELICOPTER

Grossweight,lb..... . . . . . . . . . . . . . . . . . ..6. m0
Numberofblades. . . . . . . . . . . . . . . . . . . . . . . .
Rotorbladeradius,ft.. . . . . . . . . . . . . . . . . . . . 26.;
Flapping-hingeoffset,ft. . . . . . . . . . . . . . . . . ..0.75
Weightofblades(approximate),lb/blade. . . . . . . . . . . . 136

Mainrotorblade:
.r-

Type. . . . . . . . . . . .,.,=,... ... .“Afi,metal,constantcho~
Wst, deg. . . . . . . . ... . . . . . . . . . . . . . . . .
Airfoilsection. . . . .$’-.. . .;.’... ... . . . . . NACAO012

Bladechord,ft . . . . . ●$**9*7. ***{*9** 9**9*1 *3@
Rotorsolidity,cr.... . ... . . . . . . . . . . . . . ...0.0493
Approximaterotor-blademassco’nstam,’y. . . . . . . . . . .
Rotorbladetips

r
ed,ft/sec. . . . . . . . . . . . . . . . . 5$

Diskloading,lbsq ft... . . . . . . . . . . . . . . . . ..3.l.2
Rotorangulsxveloclty,radians/see. . . . . . . . . . . , . . 20.3
Centerofgravity,inchesfrmnreferencedatum

● (referencedatum14.3in.forwardofnose]. . . . . . . . . . I-29*6
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Figure l.- Testhelicopter. L-841%

, .

1,

-., ?
;’ -., ,. .,.

, .



●
,

g-

M m

Figure2.- Strain-@geinstaJJ.8tIcm.



-.

1.11

1.3

1.2

1.1

1.0 -4 I I I I

‘“k
lL----
0123L5

*, am

Cycllcpull-ups.

s-i-m ortm~

B - Omtml ■mmnt

C - Accelaratlon fit spot

D - Wxim.m accalemtion point

L_Jr)
D

b-BA

1 I I I I

01 23~5

(b) Collectivepull-ups.

kB
Collactim

AB

CTclia

t
I I I I I I

0123~5

The,S00

(c) Combinedpull-ups.

Figure 3.. ~ical time historiesof accelerationand controlposition during cyclic, collective,
and combinedpull-upmaneuvers.

# . .



. * I .

1+ W rewolutlon+1 l+-,CmEravollltion+ I ~+ ma revollltj.oll--q

“-CU
f r H

g

w fla!miae ‘h

-Iu-m’t

Figurek.-!IY@calthe historiesof blade bending and torsionalmoments during smooth- and
rough-airfllghts at 50and85kuots. I-J



lf#tordmnl

pi- am revomltion+ p- GTMremlution +/

Vv

Roughair Roughair
~ - O.dlg ~ - O.zg

(b) VL = 85knots.

Figure 4.- Concluded.

# . . .



. ,

W okrdslse

- -d

I& toraiond
mment

Elgure5.-Typical
conective,and
Ure3.

Prior to @O~C tick Accsleratl.an
Mnmlmr mwmsrrt I-latapt aoaeleration

(a) Cyclic pull-ups.

th.k?histories of blade Ix?ndingand torBimal moments duriog moderate cycllc,
ccuobinedcycllc-collecixlvewU-up maneuvers at the intervala6hown in fig-

!3



“=” bf’’-’-
J

Priorto CO~tiw stick
rmnmlver movemnt acceleration

(b) Cuctive ~~-UpS .

Figure5.-Continued.

. . I .



● ✎
.

u%flapwiae
bendingBmeIlt

us tersicdnl

\

Prim to CyoUa sti.ok Collectivestick
MAwunr rwvem?nt mommmt aooeleratlon

(c) Combinedpull-ups.

Figure5.-Concluded.



:

*
Q 6
+’.

“m---a -s-
---G-----cl’- 1

0
~p ~.. ...+-...k”-~”--e=-o, 1 1

0 “30 .50 70 90
vi, knoia

o
p---+---p--e--p-++ ,

0 30 50 70 90
vi,knots

Figure 6.-Maximumvibratoryandmeanmcmentsplqttedagainstindicatedairspeeddurfngmnooth
and rough air.

d .
, .



NACATN 4203 23

.

.

.

.

20X103

16

1.2

8

h
1

Rearward-

j~ /

Fcaward- I I I I I
-1 0 1 2 3 h

Time,sec

(a) Cyclicpull-ups;Vi = 70knots.
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pull-upmaneuvers.
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